Sweet clover poisoning in cattle is caused by an anticoagulant (dicumarol) that is formed in moldy sweet clover hay. Previous experiments with vitamin K 3 and vitamin K 3 in therapy trials indicated that vitamin K 3 was effective in reducing prothrombin times but vitamin K 3 was not. As a possible alternative in the use of toxic sweet clover hays, vitamin K 3 was evaluated to see if it would prevent hemorrhagic crises when fed to cattle consuming toxic sweet clover hay. Vitamin K 3 levels of 0, 0.45, 4.5, 11, and 45 mg/kg body weight/day were fed to 173-235-kg steers consuming toxic (40-50 ppm dicumarol) sweet clover. The 45-mg K 3 /kg/day supplement was not palatable and had to be discontinued. The 0.45, 4.5, and 11-mg K 3 /kg/day supplements did not significantly reduce the prothrombin times as compared to the 0-mg K 3 /kg/day group.
Sweet clover poisoning is a common livestock problem in the northern plains. It is caused by dicumarol, a fungal metabolite produced from substrates in sweet clover hay. 3, 7, 9 Despite the potential toxicity of sweet clover, it is still fed to animals in the northern plains as it compares favorably with alfalfa hay in quality, utility, and cost. 2 Previously, North Dakota State University investigated the analytical, toxicologic, and treatment aspects of sweet clover poisoning. 1, 4 In treatment trials it was observed that vitamin K 3 was not effective, in any form, whereas vitamin K 1 was effective.' A previous report 6 indicated that oral vitamin K 3 might be antagonistic to moldy sweet clover hay. The purpose of this study was to determine if vitamin K 3 would prevent hemorrhagic crises when used as a feed additive with cattle consuming toxic sweet clover hay.
Materials and methods
Calves and treatment. Twelve dairy calves weighing 173-235 kg were allotted to 4 separate groups so each group had a similar average weight. All calves were treated with an antibiotic a and a sulfaquinoxaline b prior to the start of the experiment. A number of core specimens were taken from sweet clover bales and analyzed for dicumarol content. 5 Based on these values, bales that were considered toxic were ground and mixed to provide equal dicumarol levels to each of the 4 groups. The ground sweet clover was sampled on a bidaily basis to verify the dicumarol levels consumed. Each calf received 1.1 kg/day of concentrate (Table 1 ) that contained the vitamin K 3 supplement, plus 6.8 kg/day of ground sweet clover. The actual dicumarol levels in the sweet clover were approximately 40-50 ppm and were considered toxic. 4 All animals were fed alfalfa plus the vitamin K 3 feed additive for 10 days before they were started on the toxic sweet clover hay. The vitamin K 3 concentrate was initially supplied as a premix' and was mixed with ground corn and soybean flour (Table 1) to provide vitamin K 3 supplement levels of 0, 0.45, 4.5, and 45 mg vitamin K 3 /kg body weight/day. The compositions of the 4 primary concentrates are described in Table  1 . When an 11-mg vitamin K 3 concentrate was later required, the 45-mg concentrate was mixed 1 + 3 with ground corn.
The animals in the 45-mg vitamin K 3 /kg/day group were reluctant to eat the vitamin K 3 concentrate and were switched to a lower (11-mg) vitamin K 3 level. Therefore, at day 20 of the experiment (10 days on moldy sweet clover) the 45-mg vitamin K 3 /kg/day group was switched to alfalfa plus a concentrate that gave them 11 mg vitamin K 3 /kg body weight/ day. They remained on this ration until day 30 of the experiment, when toxic sweet clover was again substituted for the alfalfa.
Blood sample collection and analysis. Blood samples were collected bidaily and were analyzed for blood prothrombin time and hematocrit, as previously described? Normal and abnormal plasmas d were used as prothrombin controls. With this system the normal prothrombin time in the experimental animals was~ 15 sec. When the prothrombin times reached 50 sec the animals were treated with vitamin K l e as previously described. l
Results
From the Departments of Veterinary Science (Casper, Alstad, The individual measurements and graphic presen- calves were switched to moldy sweet clover their pro-days, and the prothrombin times were back to normal thrombin times increased. Eleven of the 12 calves had on day 30 when the animals were once again fed moldy prothrombin times of 25-30 sec by day 20 (10 days sweet clover. As with the other treatments, the calves on sweet clover) of the experiment. The exception was on 11 mg K 3 /kg/day demonstrated elevated prothromcalf 64, which showed no response to the moldy sweet bin times of 30-40 sec by day 52 of the experiment. clover throughout the experiment. Two calves (2 and The feed supplements with vitamin K 3 (0.45, 4.5, 10) were treated with vitamin K 3 on day 28 and day 32, respectively, and the experiment for each group was stopped. Therefore, the 0.45-mg K 3 and 4.5-mg K 3 /kg/day groups lasted only 28 and 32 days, respec- On day 20 the animals in the 45-mg K 3 group were K 3 */kg concentrate (g) 0 0.08 0.8 8.2 switched to alfalfa and the vitamin K 3 concentrate was diluted with ground corn to an effective level of 11 mg * Added as menadione sodium bisulfite (33% vitamin K 3 in soybean meal. All dose levels are menadione (vitamin K 3 ) equivalent. vitamin K 3 /kg/day. This treatment continued for 10 All calves received 1.1 kg/day of vitamin K 3 concentrate mixture. § Weight in kilograms, hematocrit in percent, and prothrombin time in seconds. || On day 20 calves 6, 11, and 50 were switched to alfalfa and vitamin K 3 (11 mg/kg/day); on day 30 they were returned to sweet clover and vitamin K 3 (11 mg/kg/day). 11, and 45 mg K 3 /kg/day) were uniformly ineffective in preventing the anticoagulant effect of the moldy sweet clover. Although the numbers of animals in each pen were limited, the rates of increase for prothrombin time in the 4 vitamin K 3 treatment groups appear to be identical to that for the group that received no vitamin K 3 .
Discussion
Early work with oral vitamin K 3 6 in cattle indicated that it was a moderate antagonist to dicumarol and also displayed antidotal properties. Subsequent studies with oral vitamin K 3 for treatment of sweet clover poisoning showed that vitamin K 3 was not effective in treating the problem. In the present study, the oral vitamin K 3 feed additive (0.45-45 mg K 3 /kg body weight/day) had no antagonistic effect for the anticoagulant effect of the moldy sweet clover. In 1 trial with very high levels of vitamin K 3 (45 mg K 3 /kg/day), the vitamin K 3 supplement was apparently not palatable.
These data demonstrate that vitamin K 3 feed additives are not effective antagonists for the dicumarol in moldy sweet clover. The possible effect of vitamin K 3 as a feed additive was not investigated because of the prohibitive cost of the vitamin. c. Provided in a soybean meal mix by Vet-A-Mix, Shenandoah, IA. d. Ortho Diagnostic Systems, Inc., Raritan, NJ. e. Veta-K 1 ®, Wendt Laboratories, Minneapolis, MN.
